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CHAPTER 1

INTRODUCTION

In the past decade, operations and
research projects that support a major

portion of NASA's overall mission have
experienced a dramatic increase in the
volume of generated data and resultant
information that is unparalleled in the
agency's history. The effect of such an
increase is that most of the science and
engineering disciplines are suffering from
an information glut, which has occurred,
not only because of the amount, but also
because of the type of data being collected
(generally spatial and most often contin-
uous in nature such as images, maps, two
and three dimensional drawings and
figures).

This information glut is growing nonlinear-
ly and is expected to continue to grow in
this fashion for the foreseeable future.
Consequently, it is becoming physically
and intellectually impossible to identify,
select, and access the most suitable in-
formation specifically applicable to the
various engineering and research projects
of interest. For example, in the earth
sciences such vast amounts of data are
now being collected and/or are available
(e.g., satellite images) that it now exceeds
the ability of the professionals in the field
to process, manage, and study it . In
addition, the number of professionals in the
application disciplines is not expected to
increase significantly enough to resolve
this data problem in the foreseeable future.
Thus, the dilemma arises that the amount
and complexity of information has exceed-
ed and will continue to exceed, using pre-
sent information systems, the ability of

the scientists and engineers to understand
and take advantage of this information.

Based on the scope, expected growth and
dominance of this problem, it is anticipated
that the future ability of NASA to function
and perform meaningful space and earth
related research will be significantly affect-
ed by its inability to manage and use its
collected information to derive knowledge.
Consequently, it is envisioned that
dramatically different approaches to data
management will be needed if earth and
space related operations and scientific
investigations are ever to take full
advantage of the information and data
being collected and stored.

Considering the trends of present com-
puter science technologies, it appears that
an approach to data management that
employes Artificial Intelligence (Al)
coupled in a distributed environment with
powerful super mainframe, and micro
based computer systems offers a
reasonable solution for resolving many
present and future data management
problems. It is expected that such a system
will, when operational, be able to:

« Deal with the massive data ingest
and update problem,

* Manage concurrently both spatial
and meta data in a logical manner,

» Provide intelligent user access to
database systems and services,



¢ Support large numbers of users been formulated and a demonstration

interactively over a distributed prototype completed for an operational
environment. science research database. It is the pur-
pose of this paper to present the results of
Based on the above concept an approach the prototype demonstration effort.

for the development of such a system has
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CHAPTER 2

BACKGROUND

In October of 1984, the Office of
Aeronautics and Space Technology pro-
vided funding to Data Management
Systems Facility, under the National Space
Science Data Center (NSSDC), to initiate
a research effort to develop a new generat-
ion of data management technologies to
support the needs of NASA's future oper-
ational, engineering, and scientific prog-
rams thorugh the beginning of the twenty-
first century. The research effort is the
Intelligent Data Management (IDM) project
which has the following long term research
goals:

» to develop very powerful database
management systems using ad-
vanced technologies,

+ to develop intelligent value-added
services that will enable users to
interact with the most complex data-
base systems with minimal under-
standing of the systems architecture,
stored data, or query language,

+ to allow automatic data ingest and
maintenance with minimal user guid-
ance and interaction,

+ to manage symbolic and spatial
data in the same database systems.

The IDM project has been addressing
those areas of data management that
could potentially be improved by the
applications of artificial intelligence tech-
nologies including:

User Interfacing,
» System management and control,
+ Spatial database management,

« Automatic data ingest and system
maintenance,

« Dynamic database systems using Al
design concepts.

A top level diagram of the IDM concept that
includes each of the above areas, except
dynamic database systems is shown in
Figure 1.

Although each of the above topics are
important to the overall goal of producing
intelligent database services, it was recog-
nized early in the project that some areas
clearly are more difficult to develop than
others and in fact the development of some
areas is predicated on the previous devel-
opment of others. For example, intelligent
ingest and maintenance services must not
only support the database, but also any
intelligent user interface. This is true since
to perform maintenance and updating prop-
erly on a database system with intelligent
value added services, some or all of the
services themselves must be updated in
the process. The reason for this assertion
is that there will exist in the knowledge
base which controls the intelligent user
interface, information about the objects in
the database and their relationships to
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each other and to identified virtual objects
(objects which do not exist in the database
but which can be defined by the clustering
and analysis of several existing database
objects).

After careful consideration of the operation
of database systems, it was determined
that the development of an intelligent user
interface offered the best chance for near
term success while at the same time, pro-
viding technical direction for most of the
other services in the overall concept.

This technical memorandum presents the
results of a research and development
effort related to user interfacing, called the
Intelligent User Interface (IUl) task. The IUI
task was initiated at the beginning of FY85
with the goal of developing a prototype
intelligent value-added service that would
allow users access to a given database

with little understanding of the database
architecture, data objects (data) or query
language. The IUl development concepts
are predicated on using powerful work-
stations, expert systems, and natural lan-
guage processing technologies. It was en-
visioned that a database enhanced with a
functioning Ul system would enable
scientific and supporting (non-database)
technical users to access and use the
stored information with little or no

understanding of the database's architec-
ture, the actual data content or the system'’s

query language.

It is believed that the development and
implementation of such a prototype sub-
system not only will demonstrate the con-
cept of applying artificial intelligence to
data management, but also will enable
NASA to assess the long term applicability

of Al technologies 1o its operational needs.



CHAPTER3

TASK OVERVIEW AND
TECHNICAL OBJECTIVES

The objectives of the initial IUl effort were
to use existing NASA hardware and soft-
ware systems to perform the functions of
database management and to extend and
enhance their performance by designing
and developing intelligent value-added
services that would give such systems the
capabilities to "reason" and make decis-
ions similar to a human expert with data-
base experience in the knowledge domain
of interest. The specific goals of the IUI
Task for FY85 were as follows:

* The refinement of the [Ul concept in the
context of the IDM project goals,

» The review, selection, and acquisition
of a low cost expert system develop-
ment tool to support the development of
a prototype 1UI,

* The review, selection and acquisition of
a functioning Natural Language Query
Processing (NLQP) system to use in the
prototyping of a 1Ul,

* The creation of an Intelligent Data Man-
agement Controller (IDMC) using ex-

pert system development tools for a sel-
ected operational database,

* The customization of the NLQP
"THEMIS" (creation and installation of a
dictionary of lexicons that is the same
as the expert system) to support the
interfacing of the IDMC to the selected
operational database,

» The demonstration of a prototype Ul
customized for the selected operational
database.

During FY85, the IUl research effort suc-
cessfully achieved all the above goals in-

cluding the demonstration of a microcom-
puter based expert system that performed
intelligent user interfacing to a NASA
operational database. However, the Ul
effort is still in the initial stages of concept
formulation and system development.
Therefore, it is expected that with the ac-
quisition of advanced Al hardware and
software tools (a LISP workstation with the
expert system development tools), signifi-
cant advances can be made in the develop-
ment of a next generation of value-added
services for NASA database operations.




CHAPTER 4

THE INTELLIGENT USER
INTERFACE CONCEPT

The 1UI, as envisioned, is a system that will
"serve as an intermediary between a data-
base and a user" who has little or no know-
ledge of the database's architecture, lan-
guage, or content.1]

Such an interface would allow the user to
operate a database by locating, identifying
and selecting specific information using the
context of his particular knowledge domain
by communicating in the medium that is
most suitable to him (i.e. in the user's
natural language, English). The advan-
tages of such a concept are that:

* It can facilitate understanding by spec-
ifying the contents and meanings of a
collection of data as well as the relation
between objects within the data;[2]

* It will be able to support approximate
reasoning to infer conclusions that are
not explicitly stated by the user, such as
an imprecise or fuzzy query which can
be stated without mentioning file names
or table joins;

* It can handle fuzzy concepts, express-
ed by using a fuzzy query;

« It will be able to handle information de-
mands for which the database is used
routinely, rapidly and efficiently with
little understanding by the user;

« |t will be able to communicate with the
user in plain English text;

* It will serve as the semantic basis for
understanding the user's data needs in
conjunction with the natural language
query system;

* It will provide a logical representation of
the database architecture and infor-

mation stored in the database to the
casual user;

It can be used to facilitate the identifica-
tion and understanding of database
information from the database
operational view (the database

design model which can be relational,
network, etc.) to the user related views
by using conceptual graphs that trans-
late between the database's meaning
and the user's meaning of data and
sets of data (3}

It will provide a physical and logical link
between information contained in the
meta-knowledge database and the
spatial database (the actual data) in the
overall IDM concept.

To support such a design concept, two
ideas need to be developed:

* First, the creation of multiple views of
the database that are functionally
appropriate from the perspective of a
nonexpert database user and, at the
same time, operationally necessary,
from the database's perspective of sup-
porting the physical storage and
management of the data,



« Second, the creation of a means for
moving from one type of view to another
using logical inference statements (i.e.,
rules) called conceptual graphs, as
proposed by Sowa [4].

A singularly important feature of such a
concept is its role as a mediator between
the user and the database. Such a system
must deal with the duality of the views (or
contexts) in order to maintain both the
integrity of the database and the user's
understanding of the needed information.

Using such a concept, the IUl deals with a
user in his syntax and understanding of the
objects in the database. Also, at the same
time, the IUl understands the database's
viewpoint, based on the physical and oper-
ational organization of the data and the re-
lationships between objects within the
data.

Based on our present understanding of
database operations, as well as our read-
ing of the supporting literature, there are at
least three types of views required for a
functionally complete IUI. These views are:

* The Architectural view,
* Multiple application views,
* The Operational view.

The first view, the architectural view, is the
logical taxonomy of the objects contained

in the database organized in a hierarch-
ical schema. The purpose of this view is to
organize the information contained in the
database in a structure that is most
commonly used by humans when dealing
with large amounts of data. Such an

approach will allow the search and ident-
ification of a desired data objects based on
subject context, inherited object attributes,
and search strategy heuristics.

The second view, the application view, is
just a specific view point about the data
objects in the database organized to sup-
port an application. What is unique about
this view is that it will be constructed based
on specific set of data object goals. These
goals contain objects that are the result of
the clustering or processing of real data
objects into infered or virtual objects. In
addition, this view will be supported by
specific heuristics in an associated know-
ledge base that will enable the user to
interact with the view as if he were the
expert that constructed the view and is
familiar with its operation.

The last view, database operational view,
is the view that represents the actual
database design (tables, key fields, join
fields etc.,). This view is necessary be-
cause all other views must translate to it in
order to get information from the database.

Based on the premise that the design of
the Ul requires an awareness of all the
above types of views, one can postulate a
model that considers such views collec-
tively linked by intelligent processes which
translate between the views. Such a
model is shown in Figure 2. and, as can
be observed, the primary function of the 1UI
is to translate between the various
database views and the user in a fashion
that best supports the user's needs. The
operational view must be included as part
of the model even though this view, which
is the actual DBMS, exists independently.
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4.1 The Intelligent r Interf n
Database Views

The multiple view concept upon which the
IUl is based is an extension of an earlier
concept presented in a popular text book
by C. J.Date.l5] This concept involved the
representation of database architectures
using levels of abstraction. In Date's
concept, the architecture is represented by
three levels: internal, external, and con-
ceptual. The internal level is concerned
with the way data are stored and is the
closest to physical storage; the external
level is the view closest to the user's
understanding of the data; and, the
conceptual level is a "level of indirection”
between the other two levels.

In the context of the IDM concept, the intel-
ligent user interface serves as both con-
ceptual and external level processes. Such
an approach allows for powerful indirection
by dealing with the user in his own syntax
and logical processes while at the same
time understanding the database's design,
data content, and query language.

The 1UI concept model shown in Figure 2.
postulated two types of views to support
the conceptual level: an architectural view
and multiple user application views. How-
ever, because of the broad definitions
given to the two types of views, part of the
design formulation includes specifically
limiting the view's scope in order to avoid
the uncertainties and ambiguities that can
occur when considering database con-
cepts.

In the context of the IUI concept, a logical
taxonomy of the database's organization,

10

which includes the relationship of the data-
base objects to the general knowledge of
the expert database user, defines the arch-
itectural view. This view is organized to
minimize processes that a user will apply
when trying to locate a particular object or
relationship between objects.

Although the architectural view is similar to
some existing database design concepts,
two differences exist. First, the objects and
the language used to describe them in the
architectural view are based on the user's
language and understanding of the infor-
mation of interest. Second, this view may
contain objects which do not exist as real
data objects in the actual database. These
objects, known as virtual objects, result
from the clustering of real data objects.

The second view, the domain-specific ap-
plication view, includes all the knowledge,
facts, and metaknowledge known to the
expert user working in a particular tech-
nical area for which the database has been
designed. The application view will
include three different types of knowledge
and facts:

* Heuristic knowledge related to
obtaining particular information for
specific applications;

* Procedural knowledge that is used by
an expert user to obtain information
from the database for a specific appli-
cation;

« Virtual objects that are inferred objects
resulting from the clustering of tuples
based on application expertise.

Supplementary to the current application
view, several user application views are




expected to arise for different areas of
database expertise. Because of this,
formulation of an IUl design capable of
easily representing and modelling an
"expert" user's knowledge of the meaning
of the collected data is necessary in the

design phase. Such information will en-
able the expert system to include functional

and semantic interrelationships among
database entities, domain specific attribut-
es, as well as content descriptions of ob-
jects.

The effect of the multiple view approach on
the development of the Ul model is that
when views are integrated with a data-
base, two basic schemas of the database
arise: a conceptual schema consisting of
multiple logical views and the database
architectural schema (i.e., relational
model)- [} Both are necessary for a
complete description of the database.

4.2 Conceptual Graphs

The use of the conceptual graph in the
intelligent user interface process is pre-
sented in Figure 3. To better understand
the application of the conceptual graph to
the database problem the following ex-
ample is presented.

In the Crustal Dynamics Project's Data
Information System (DIS) [7}, a database
has been developed at the NSSDC to sup-
port the storage of collected and analyzed
crustal motion data from sensing stations
located at many sites over the earth's en-
tire surface. The users of the Crustal
Dynamics database fall into two classes:
engineers and scientists. The latter group
is primarily interested in the database for
studying motion of the earth’s crust and
earth rotation. The area of science related
to crustal motion is commonly called plate

DATABASE VIEW
(RELATIONAL)

TABLE1 TABLE 2 g ACONCEPTUALGRAPH
] (EXPERT SYSTEM)
5
w
E KNOWLEDGE
TABLES é SPACE
<

CONCEPTUAL SCEEMA

USER VIEW

Figure 3. Representation of a Conceptual Graph
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tectonics. To get the necessary information
related to plate motion, an expert database

user must query the database about a

specific set of stations, calculate the chord
between them for a specific period of time,
and then determine the slope of the chord.
However, the objects (the calculated slope

of the chord between any two sites) are not
stored explicitly in the database. Therefore,

the only way to determine a specific plate's
motion is to identify the stations that are
located on the specific plate and measure
the motion of those stations with respect to
stations on another plate (i.e. baseline
measurements). Thus, there exist data
objects needed in the identification and
selection of the appropriate database
information that do not exist in the actual
database. Furthermore, only the exper-
ienced database user can know how to
calculate the chords between the stations
and their slope.

In the 1Ul concept, such missing informa-

tion is accounted for so that, when informa-

tion about a specific plate’'s motion is

desired, the IUl knows how to calculate the

motion based on the type of sensing sys-
tem used (SLR or VLBI) [7l. However, to
the casual database user, this intellectual
transformation will be transparent. To the
Ul developer, this transformation (also

referred to as a transform filter) is in fact the

conceptual graph which facilitates the
understanding of the meaning of objects in
the context of the user's needs and trans-
lates those objects into different objects
with meaning to the database. In the form-
ulation of the 1Ul, one of the primary func-
tions of the expert system is the creation of
such conceptual graphs.

12

Using the conceptual graph concept to
support a multiview representation of the
database, we believe that the 1Ul model
allows for the creation of at least one
logical translation path between a user's
view of the data (domain specific) and the
database management system's view.
This path is, in fact, an expert system (see
Figure 3).

4.3 The A
the 1UI

lication of Expert Systems to

The IUIl design is predicated on the hypoth-
esis that an expert system can be develop-
ed with the ability to reason about data-
base information, both from the user's view
and from the database's view. Such a
design will allow the intelligent identifica-
tion and selection of required information
with only limited guidance by the user.
Thus, the expert system will contain all the
necessary facts and knowledge about the
structures and contents of the various
views of the database as well as the trans-
lation among the views. Such an expert
system will actually emulate an expert
database user within his limited expertise
domain.

The decision to use an expert system as
the operational environment for 1Ul soft-
ware is based on the following consider-
ations:

1. A database has a finite and rather
limited knowledge space making the
development of an expert system
possible;

2. Certain important operations that are
performed by an expert database user
are based on heuristics (i.e., search




strategies used to find information
based on past experience);

. Although a database has a large num-

ber of potential data sets available, the
actual number of sets is usually limited
to a small number, compared to the
large number of data objects that could
potentially be extracted from the data-
base;

. Many of the operations performed by

the expert user are procedural in nat-
ure;

. Expert system development tools, espe-

cially the advanced ones that employ
frame representation schemas (e.g.,
LISP with flavor extensions), allow not
only the implementation of multiple
database views but also the construc-
tion of a logical taxonomy of objects in
the database and the subsequent rea-
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soning about such views and objects in
a very sophisticated manner.

In the history of expert systems, the most
successful development efforts have in-
volved goal-directed, backward chaining
paradigms such as MYCIN (8] and
PROSPECTORIS. In the case of the IUI,
where domain-specific information is re-
quired, the same kinds of problem solving
strategies, which were successfully used in
the aforementioned examples, can also be
applied to this development effort. Also,
the ability to construct expert systems as
conceptual graphs is based on the finite
knowledge and syntax domains of a data-
base.

The impact of the above assertions lies in
the potential to develop intelligent pro-
cesses for the [Ul using expert system
development tools for any prototyping
effort.



CHAPTER 5

PROTOTYPE DEVELOPMENT
AND IMPLEMENTATION

The approach used to develop a function-
ing Ul was based on a phased effort which

included access to a functioning, oper-
ational database. Such a phased effort
allowed the development of the 1UI
processes (database views and transform
filters) to be done in a stepwise fashion so
that performance, feasibility, and opera-
bility could be tested for each functional
element. The development of the first proto-
type Ul had the following objectives and
protocol.

5.1 Development Objectives

1. Formulate a design for a prototype
Intelligent User Interface system that
can be used to demonstrate the proof
of the concept as well as support and
guide the technical direction of the
overall IDM project.

Design and implement an expert sys-
tem development environment using
an IBMPC AT computer with the
capability of supporting all the necess-
ary system hardware and application
software needed for a prototype 1UL.

Design, develop, and prototype an

IUI for a selected operational data-
base using an expert system develop-
ment tool. The proposed Ul will
consist of the architectural view, one
application view, and supporting trans-
form filters. The system will be tech-
nically sophisticated enough to interact
with the selected database in a near

14

real-time manner and allow the dem-
onstration of the 1Ul concept.

5.2 Development Life-Cycle

The following is the planned protocol con-
sisting of 12 tasks for the development of a
prototype Ul system.

1. Hardwar war: lection
Select and acquire the proper de-
velopment tools, both hardware and
software, for the initial development
effort.

D Identification lecti
Select a functioning, operational
database that uses a relational DBMS
model for the prototype [UI.

n

D. Evaluation haracteri-
zation ‘Study the selected database
and develop a first order understand-
ing of the database's architecture
including the organization of tables,
the information in the tables as weli as
the information objects that the data-
base system manages.

4. Evaluation ofth fthe D.
by the Expert User Interview the ex-

pert database users and determine
the uses of the database that can be
represented by domain-specific ap-
plication views.

5. U] Pr Design Formulation

Formulate a design for a prototype 1UI




10.

System based on the concepts pre-
sented in Chapter 4 of this Technical
Memorandum and on the results of
tasks 3 and 4.

Formulate & Develop The Application
View Construct the selected appli-
cation view of the database, assum-
ing that there is more than one view.
Based on the interviews with expert
users, the selected view should in-
clude specific application goals, pro-
cedural knowledge, and identifiable
virtual objects and be implemented
using an expert system development
tool.

Formulate & DevelopThe Architect-
ural View Develop the architectural
view of the database using the logical
taxonomy schema formulated in task
3 of the protocol.

Develop Transform FiltersTo Suppont
TheTranslation Between The Appli-
cation & Architectural Views & The
Operational View Develop a set of

transform filters that will support the
translation between the application

view of the database and the oper-

ational (relational model)[10] view of
the database.

Interface Application & Architectural
Views' Transform Filters ToThe NLQP
Develop a question/phrase construc-
tion process to interface between the
NLQP and the application & arch-
itectural view transform filters.

tomize NLQP T Th

Application & Architectural Views
Customize the natural language

query processor so that it contains a
dictionary of the lexicons used in the
application view of the database.

11. velop Transform Fil T -

port TheTranslation BetweenThe

Application View & The Architectural
View Develop a set of transform filters

that will support the translation be-
tween the architectural view and the
application view of the database.

12. IntegrateTransform Filters Into A
Single Knowledge Base Integrate

the common elements of the three
expert systems processes that per-
form the transformation filtering.

5.3 Development Task Effort

Based on the development protocol listed
above, an operational database was se-
lected and the first prototype intelligent
user interface developed. The IUl System
was named CRUDDES (CRUstal Dynam-
ics Database Expert System) after the data-
base selected. The following tasks, which
follow the above protocol, describe how
the prototype IUIS was developed and
implemented.

TASK 1
HARDWARE AND
SOFTWARE SELECTION

The selection of the hardware and software
for the CRUDDES development effort was
based on the availability of allocated funds
for FY85. Because of these limitations, the
hardware selected was an IBM PC AT,
microcomputer system with a 20 mega-
byte hard disk drive, 512 Kbytes of RAM
memory, two displays (mono screen and a




color screen), and an external modem all
utilizing the DOS operating system. A dia-
gram of the system is presented in Figure
4.

Software selected for the project included
the expert system development tool,
M.1[10], developed by Teknowledge, the
full screen editor, XYWRITE ['1], from
Xyquest Corporation, and the multiprocess-
ing environment, DOUBLEDOS [12], by
Softlogic. Specifically, M.1 was written
using PROLOG 86 [13] (a popular IBM PC
language that supports symbolic manip-
ulation) and can support up to 200 facts
and rules without segmentation (if the
atoms are relatively small). Modelled
somewhat after EMYCIN, the M.1 system
performs only goal-directed backward
chaining ['4l. In fact, we found M.1 far
superior to other IBM PC based develop-
ment tools because of the way it handled

the control structure, facts, variables, and
meta-knowledge.

The procedure used to develop the expert
system with the selected software depend-
ed on the installation of DOUBLEDOS.
After DOUBLEDOS was booted, two sep-
arate operating system partition areas
were created each with its own monitor,
one with 256Kbytes of RAM and one with
200 Kbytes of RAM. In the first partition
M.1 was installed and in the second
XYWRITE. Both software packages have
access to a common file area on the hard
disk. This environment allows for the
development of the expert system using
the editor in the first segment and the
concurrent testing of M.1 in the other
segment. The development team found
this configuration extremely valuable over
normal single process DOS operations.
This is because it allowed rapid develop-

(7 N (7 )
M1 EXPERT SYSTEM XYWRITER
DEVELOPMENT TEXTEDITOR
TOOL
DOUBLEDOS MULTIPROCESSING
OPERATING SYSTEM
20MB 512KB
IBMPCAT

Figure 4. Development System Configuration




ment and testing of software without the
constant changing from the editor to M.1
and back to the editor again. Furthermore,
it was felt that the ability to develop soft-
ware with an external editor allows for a
great deal more flexibility in the develop-
ment process thus creating a more robust
expert system.

TASK 2
DATABASE IDENTIFICATION
AND SELECTION

The database selected was one developed
to support the Crustal Dynamics Project.
Implemented in ORACLE [15], a relational
DBMSI161[17], and operating on a DEC
VAX-11/780, the database consisted of
104 tables that supported the management
of crustal movement , related engineering
data collected by many sites over the
earth's surface, and project management
data. The sensors used to detect earth
crustal movement are of two types: the first
uses a satellite with a laser ranging device
(SLR); the second uses a radio emitting
stellar object and Very Long Baseline Inter-
ferometry (VLBI). Specifically, the VLBI
method involves using two or more widely
separated radio telescopes to observe
radiation from extragalactic radio sources,
typically quasars. In the Crustal Dynamics
Project, SLR or VLBI is used to observe
signals from various points on the surface
of the earth, take a time lag measurement
of their arrival with respect to a local clock
at each site, and record the "time tagged"
signals on tape in order to sense crustal
movement.

A key feature in selecting the ORACLE
DBMS over other systems was that an
operational natural language query proces-
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sor supported it. The need for the query
processor is that the formulation of a
desired database query in English is a
much less complicated problem for an
expert system than the translation from
English to the query language SQL.[18] [19]

In some of our initial research, we determin-
ed that performing language parsing and
translation in an expert system overly bur-
dens the system (i.e., makes it too large
and cumbersome) and reduces the ability
of the IUIS to formulate the "best" query. In
fact, we found such a task almost imposs-
ible to generalize without actually develop-
ing a natural language processor as part of
the expert system task. Thus, the incorpora-
tion of parsing and translation was avoided
in all parts of the development effort.

TASK 3
DATABASE EVALUATION
AND CHARACTERIZATION

The evaluation and characterization of the
Crustal Dynamics Project database was
performed by the development of an Entity
Relationship (E/R) {20} diagram (Figure 5.
presents a simplistic example) which is
commonly used in initially designing a re-
lational database. In addition to creating
the E/R diagram, it was necessary to de-
velop a logical taxonomy of the objects in
the database using an approach that is
commonly found in a thesaurus. This logi-
cal taxonomy, along with conversations
with the expert users, helped to identify
virtual objects.

The result was the identification of three
object classes in the architectural view of
the database: experimental data, site data,
and project management data. Because
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CRUDDES is a prototype, only the first
two data classes, namely site data and ex-
perimental data, were dealt with in two
separate steps for early validation in the
development effort.

TASK 4

EVALUATION OF THE USE OF THE
DATABASE BY EXPERT USERS

This portion of the development effort
involved the application of knowledge en-
gineering techniques to determine the util-
ization of database by the application data-
base experts. Two scientists that support
the Crustal Dynamics Project were ident-
ified and contacted in regard to collecting
information related to the actual use of the
project's database. The scientists were

interviewed on several occasions and,
based on the interviews, three domain

specific application views were identified:
. Scientific applications,
. Engineering applications,
. Project management applications.

The information gained from this task de-
termined the basis for the design of the
prototype Ul formulated in task 5.

TASK 5

IUIS PROTOTYPE
DESIGN FORMULATION

With the three application views identified
from the expert users it was then possible
to formulate a design for the initial proto-
type IUIl, presented conceptually in Figure
6. Consisting of a single scientific applica-
tion view, related to plate tectonics, and the
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architectural view, the design is founded

on two sources of information: first, from the
information gained during task 3 and, sec-
ond, from the interviews with the expert
users in task 4. Likewise, the basis for the
design are the concepts discussed in
Chapter 4.

Once the functional design was completed,
a software design of the knowledge base
evolved based on the the characteristics
and limitations of the expert system devel-
opment tool, M.1, and on the IBM PC AT
computer system. A top level overview of
the resultant knowledge base design is
presented in Figure 7.

TASK 6

FORMULATE & DEVELQP
THE APPLICATION VIEW

After finishing the overall prototype design,
the development team conducted subse-
quent interviews with the expert users in
order to specifically understand the data-
base utilization and support the develop-
ment of the application view. This resulted
in a design concept that decomposed the
scientific application view into two sub-
views: plate tectonics and earth rotation,
each with specific sets of information ex-
traction goals. For the subview plate
tectonics, the information extraction goals
were: whole plate motion, regional de-
formation, and plate stability; and for earth
rotation: polar motion (precession) and
rotational velocity. Each of the listed inform-
ation extraction goals were further affected
by the application of necessary modifiers
such as year, site location, and measure-
ment method. However, even when the
whenfound modifiers (those procedures
which set exception parameters like year,
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Figure 7. Overview of Cruddes Knowledge Base Design

site location, etc.) are considered, the num-
ber of variables was fairly limited. Since
the application view query usually included
both procedural and heuristic knowledge,
apparently, the development of a scientific
application view was a fairly straightfor-
ward process using expert systems tech-
nologies.

During this task effort, it became apparent
that more consideration for the develop-
ment of the overall design of the expert
system processes would be required. Ini-
tially, it was thought that the application
view could be developed separately from
the architectural view. However, it became
evident that any single view lacked the
minimum necessary content required to
assist the nonexpert database user. The
reason for this conclusion was that non-
expert users understood little about the
information in the database. Conse-
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quently, they might think there was, or
should be, more information extraction
goals than had been provided. In other
words, the IUIS has to accommodate for
the "l don't know what to select" response.

This additional complication resulted in the
development of a design, called the user
context resolution process, which attempts
to resolve what view best serves the user's
needs. The resolution of the context could
only be assured by concurrently providing
an application view and an architectural
view. A model of the proposed final design
concept is presented in Figure 8.

The final step in this task involved determin-
ing all of the possible combinations of un-
ique data extraction goals (the database
objects with their wherefore clauses) re-
quired in getting the desired information
from the database for the scientific view.



After all the information extraction goals for
the scientific domain (application view) had
been identified and characterized and a
strategy for resolving view conflict reso-
lution determined, it was then possible to
begin development of the expert system.
The goal of the first expert system was to
support the automated reasoning required
in the determination of a user's desired
knowledge from his interaction with the
system. This is done in the context of the
various information extraction goals avail-
able in the scientific application view or,
where applicable, in the architectural view.

This first expert system dealt with the know-
ledge area involving plate tectonics. The
system's inference process, based exclu-
sively on backward chaining, dealt with
the various alternative selections available
in the query formulation process by using
generalized rule forms with variables. The
expert system, in a planned structured
selection process, identified the various
components that would make up a ques-
tion and instantiated them into the variabl-
es where rules were used to construct the
desired English question. The resultant
expert system enabled a user scientist,
with little experience with, or knowledge
about the database, to easily get desired
scientific information.

To elucidate for the reader a better under-
standing of how the system supported its
database interface function with a non-
expert user, a sample consultation is pre-
ented in Appendix A. In addition, Appendix
B.presents a listing of the first segment of
the knowledge base that involves context
resolution and the selection of data ob-
ects related to plate (tectonics) motion.

TASK 7

FOBRMULATE & DEVELQP THE
ARCHITECTURAL VIEW

The development of the architectural view
of the database is based on the premise
that it is necessary to provide to the user a
generalized view of the database which is
a logical organization of the objects that
exist in the database and their interelation-
ships. With the knowledge gained from
this view, one could identify information
that is not available through the other
views (application and operational) or an
extension of an already available applica-
tion formed query.

As discussed in task 6, one of the primary
reasons for the architectural view is to sup-
port the "l don't know what | want" re-
sponse expected from a new database
user. The approach taken in designing the
CRUDDES architectural view was pre-
dicated on the concept of object relat-
ionships that will be required in develop-
ing the next generation IUl system using a
frame based expert system. The decision
to mimic a frame type organization came
from an initial development effort that
organized the database into a tree
structure.

The impact of selecting the frame over the
tree approach was twofold. First, a frame
provided the most complete relationship
organization possible including virtual ob-
jects, and second, it makes the view rea-
sonably easy to port to a new expert sys-
tem development tool being acquired as
part of the FY86 project effort.

The development of the rules that created
the architectural view was segregated into
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two stages. Taking about six weeks to com-
plete, the first stage involved the creation
of two alternative view structures and an
assessment of their performance to provide
the necessary information to the user about
the objects in the database. The first arch-
itectural view structure was based on a
functional representation of the actual data-
base design and the second, a structure
using the object relationship concept. The
results of an evaluation of the two design
alternatives indicated that the first was in-
capable of supporting the needs of the
CRUDDES effort because it did not
include all the necessary objects. The sec-
ond would be impossible to implement with
M.1 because the software did not include
the LISP flavors feature that enables
object/subobject inheritance to be defined.

The organization for the architectural view
is show in Figure 9. As can be observed,
the highest level object is the database
world in which every other object is a com-
ponent. The next level of decomposition in
the architectural view is site information
and experiment information. At this level,
objects are clustered by their relationship
to the ordering. The beauty of this type of
view structure is that when inheritance is
considered, objects will be able to receive
new attributes by the very fact that features
have been added to objects at lower
levels. Thus, inheritance allows a system
to respond as if it were learning automatic-
ally.

Because of the limited capabilities of M.1,
no possibility existed to create a true frame-
based structure for the architectural view of
the Crustal Dynamics Project Database.
However, it was possible using M.1 to
organize the objects within the view in a

manner similar to what would have been
possible with frames. The exception,
however, is that no inheritance exists.
This organization was carried out and
demonstrated to a limited extent in about
three weeks.

TASK 8
DEVELOP TRANSFORM FILTERS TO
SUPPQRT THE TRANSLATION BETWEEN

THE APPLICATION & ARCHITECTURAL
VIEWS & THE QPERATIONAL VIEW

The development of expert system based
transform filters functioning as the interface
between the architectural view and the
operational view did not require a great
deal of development because only a
portion of the architectural view was im-
plemented in the first phase of the
CRUDDES development effort.

The approach for the development of trans-
form filters between the architectural view
and the operational view were very similar
to those developed from the application
view to the operational view. For both
cases, once objects and cluster object
relationship were determined, it was only a
matter of creating the necessary rule base
to provide a functioning transform filter
capability.

In this task, identified objects were trans-
lated from the application and architectural
view to objects that exist in the operational
view and then translated into a syntax that
could be understood by the database
(SQL).

The most dificult problem in the prototype
development effort was the formulation of a
SQL query, once the English question
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phrase had been constructed. The reason
for the difficulty is twofold. First, it was
necessary to translate the object inform-
ation identified in the application and
archiectural views to objects that existed in
the operational view. Second, once an
object translation had occurred that re-
solved all operational view ambiguity, the
query then had to be translated into the
database's query language (SQL).

The first translation process is one of the
most important components of the Ul
concept because this is where the expert
database user is needed in order to trans-
late from what the user comprehends and
needs to what the database understands.
This assertion is based on the hypothesis
that there exists in the application and
architectural views many objects that do
not exist singularly in the operational view.
These consist of the clustering or grouping
of several objects that exist in the oper-
ational view. [t is this expertise along with
the procedure knowledge that is required
to form the proper query that signifies the
expert database user. In the prototyping of
CRUDDES, such knowledge was identified
and captured in the expert system.

TASK 9

INTERFACE APPLICATION & AND
ARCHITECTURAL VIEWS TRANSFORM

FILTERS TO THE NLQP

The translation, from English to SQL, was a
more difficult problem to resolve. It be-
came evident early in the development
effort that an approach which supported
the translation from English to SQL would
be an extremely complex and difficult task
involving the development of parsers that
could convert from English to SQL. The

reason this approach was undertaken was
that the natural language query processor
had not yet been customized to interface
with the Crustal Dynamics database due to
the lack of necessary computer resources.
Therefore, an alternative approach had to
be taken to allow the parsing of an English
query into SQL. The result of the initial
development effort was a version of
CRUDDES that performed inadequately.
Although it worked well for the limited
information goals in the application view
that had been included in the knowledge
base, it lacked the robustness for dealing
with the broader range of English to SQL
parsing problems that would have to be
resolved when the application and the
architectural views were extended and
other application views added.

One important result of this effort was the
appreciation for the robustness of the
English language in being able to formu-
late, in a very compact way, an expression
that communicated the desired information.
It would appear that, when dealing with or
reasoning about an object (or information
about the object) that exist in a domain-
specific space, it is best to formulate the
questions in the context of that domain
using the syntax applicable to it. The result
of this conclusion for the IUl design is that,
it is best to stay in an object's conceptual
domain until the entire query expression
has been formed and only then translate
the question to a database query using its
language. It is easy to see how a simple
English question quickly becomes very
long and complex when converted to a
SQL expression.

Because of the complexity of developing
an effective English to SQL conversion
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process, it was decided to terminate that
part of the task before it was completed.
This decision was made for two reasons;
first, because the project's primary focus is
on the development of intelligent proces-
ses using expert systems and not in deve-
loping natural language processors;
second, because the project had the fore-
sight to acquire a commercially available
natural language query processor that was
able to translate easily from English to
SQL.

Given that CRUDDES would not have to
contend with the database's language,
whatsoever, the creation of the interface
between the NLQP and the transform filters
became a fairly straight forward process.
What was required was a means of storing,
in a temporary file, the English question
formed by CRUDDES so that it could be
passed to the NLQP via a communications
process. Since M.1 supported such a cap-
ability, this process was coded into
CRUDDES, tested, and demonstrated.

TASK 10
CUSTOMIZATION OF THE NLQP FOR
THE APPLICATION & ARCHITECTURAL
VIEWS

The customization of the natural language
query processor, THEMIS, was a very
simple and straight forward process be-
cause the system is a functioning commer-
cial product that has been built to support
rather large and complex relational data-
base systems. In addition, since
CRUDDES is a prototype system that deals
with only a portion of the selected data-
base, the number of English queries it is
capable of generating is rather small.
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Consequently the dictionary of lexicons
that had to be added was also rather smali
(due to the limited number of information
goals coded into the knowledge base).
However, because the IUIS had to resoive
ambiguity in the user to system commun-
ication, special attention was paid to the
formulation of English queries on the
CRUDDES side and their response on the
database side.

If the CRUDDES system were expanded,
the ability of the NLQP to handle imprecise
queries would become a more important
issue. Consequently, how the system will
deal with imprecision is unclear. However,
in the long term, it appears that any 1UI
system must be able to understand the
user based on more than syntax. Pre-
sently, creating systems that understand
queries at the contextual and semantic
level of abstraction is quite difficult
because of the limitation of M.1. However,
with the use of third generation expert
system development tools (e.g. ART, KEE)
it will be possible to capture database
context and semantics in the expert system

knowledge base.

5.4 The Completion of CRUDDES

The last two tasks in the protocol are
presently under development. Currently,
the intention for CRUDDES is to serve as
both a learning tool and a demonstration
system.

After the current effort's completion, further
development is not planned for the follow-
ing reasons:

1. The CRUDDES effort demonstrated that
expert systems can be used to develop



intelligent user interfaces to database
systems,

. More can be learned about developing
an IUIS by moving as quickly as poss-
ible to & more robust expert system de-
velopment environment.
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Given the above, we believe that we now
have the technical basis to begin the
design and development of a next gen-
eration Ul system that should be able to
function very effectively in many NASA
operational database environments where
research scientists need better and more
responsive data management support.

e =



CHAPTER 6
RESEARCH RESULTS AND
FUTURE DIRECTION

6.1 Research Result

Based on the research to date, the follow-
ing important results have been deter-
mined:

1. Itis best to represent a database
as a collection of logical views;

2. At a minimum the collection of
views must include an architect-
ural view and at least one appli-
cation view;

3. The architectural view provides a
logical taxonomy of the data-
base;

4. The application views are where
real database user expertise
is captured because this is the
view dominated by procedures
and heuristics;

5. The context and semantics of a
database can be captured and
represented in an expert system;

6. The expert system must be link-
ed to a natural language query
processor to support the trans-
lation of the English formed
question about the data into a
query in the database's lan-
guage,

7. For both development and
explanation purposes, the
expert system should reason
in the domain of the user, using
English;

8. The most efficient method for
translating between views is by
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creating conceptual graphs (or
transform filters ) to allow trans-
lation amongst the various views;

9. Virtual objects, created via the
clustering of real database ob-
jects, can only be represented in
the knowledge base of the expert
system.

6.2 Future Directions

The near term IDM effort plans are to
extend the capabilities of the intelligent
data management controller using an
advanced expert system development tool
like ARTI22], or KEEI[23] and to begin the
development of some of the other IDM
subsystems that were presented in a sum-
mary form in Chapter 2. Based on our pre-
sent understanding of the capabilities of
the more advanced development tools we
plan to begin development of a second
prototype Ul that supports, to some
degree, the following capabilities:

» Structured object relationships with
inheritance using a frame based
schema,

* Concurrent data-driven and goal-driven
data object identification and query
formulation,

» Concurrent multiview representation of
the database,

* Learning by example using the frame
based schema to add new objects and
virtual objects,



« Multiple application views for different
domain-specific information gathering
tasks.

As in the original design the NLQP,
THEMIS, will be interfaced to the IUIS.
However, in this case, the communications
will be supported by a broad band local
area network using the communication
protocol TCP/IP(24],

In addition to the 1Ul technical effort, the
project will also be formulating and asses-
sing alternative designs for an advanced
dynamic DBMS architecture that can
create "on the fly" search structures and
strategies to support a near real-time
dynamic database system.

Over the next 3to 5 years, it is the goal of
the IDM effort to design, develop and
implement a completely functioning intel-
ligent data management system that will
support:

* A sophisticated system interface that
will be able to interact with and under-
stand a user's data needs based on the
users English and graphical represen-
tations of information entirely in a ap-
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plication context.

 Anintelligent automatic data ingest and
maintenance system that will allow
spatial and non-spatial data to be auto-
matically input into the various data-
bases that the system will interface;

A spatial database system that will be
able to manage and reason about
spatial information to support domain
specific applications;

* A dynamic database system that will be
able to perform complex data manage-
ment operations by using pattern match-
ing and "on the fly" network and tree
structure construction to perform op-
timal object identification and selection.

Concurrent with the above technical de-
velopment effort, the project will select a
suitable candidate test bed project, such as
Science and Applications Information Sys-
tem (SAIS) or Earth Observation System
(EOS) to use for test and evaluation. Once
selection has been made, a test bed IDMS
will be customized based on the data ma-
agement needs and technical direction of
the selected project.
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APPENDIX A: SAMPLE DIALOG FOR APPLICATON CASE OF WHOLEPLATE MOTION

ENGLISH QUERY CONSULTATION

WELCOME to the
CRUSTAL DYNAMICS DATABASE EXPERT SYSTEM (CruDDES)
Developed as part of the
Intelligent Data Management Project

This system provides assistance for supporting access to the crustal
dynamics database at GSFC using the ORACLE database management systenm.
If you are certain of your scientific application and we support it,
CruDDES will direct you quickly to the information needed to generate a
query. Otherwise, CruDDES will help you determine what information you
require to prepare a query and then assist you in generating a query.

NOTE~~if you do not understand any question throughout the session,
type "uncertain".
NOTE--if you are uncertain of how to respond please type "options".
This phase of the consultation is application oriented.
Do you want:
pt) plate tectonics info. or
er) earth rotation 1info. or
type "uncertain”.
>> pt .
Do you want information related to:
r) regional deformation
p) plate stability
w) whole plate motion
>0 w
We support two applications areas related to whole plate motion.
We can supply you with information either for the motions between
two regions on the respective plates or for the motions between entire
plates relative to each other. The latter choice will supply information
needed to implement a least square method ,using all baselines, for the
rates of change between the entire plates.

Do you want:
p) plate motions between regions
e) entire motion between plates

>> e

Choose two plates from this list:
p) pacific n) nasca na) north american ¢) carribean¥x
sa) south american e) eurasian a) australian af) africanxx
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**no data from these plates, yet.

What is the letter of the reference or "fixed" plate?

>> p
What is the letter of the "moving" plate?
>> na
->enter in the first year for your baseline measuring time
(78 to 83).
>> 18
-> enter in the final year for the time range (78 to 83)
>> 83

Do you want data acquired through the satellite laser ranging (slr)
method or through the very long baseline interferometry (vlbi) method?

Type slr or vlbi.
>> slr

CRUDDES THEMIS SUB-EXPERT SYSTEM

You have now entered a generic subroutine which determines how you want
your query presented. The following English question has been formulated from
this consultation and will be presented to the database management system via
the natural language query interface:

Get all slr baselines between the pacific plate and the north american plate
during 1978 and 1983.

Please type "n" for the next page!
>> n

NOTE: remember to type "log off" if you logged printer earlier!!

Are you satisfied with the results?
>> yes

Thank you for your CRUD-es
M.1> log off




SQL QUERY CONSULTATION

M.1> load(crudds:isgl].

M.1> go.
WELCOME to the

CRUSTAL DYNAMICS DATABASE EXPERT SYSTEM (CruDDES)
Developed as part of the
Intelligent Data Management Project

This system provides assistance for supporting access to the crustal
dynamics database at G6SFC using the ORACLE database management system.
If you are certain of your scientific application and we support it,
CruDDES will direct you quickly to the information needed to generate a
query. Otherwise, CruDDES will help you determine what information you
require to prepare a query and then assist you in generating a query.

NOTE--if yod do not understand any question throughout the session,
type "uncertain".
NOTE--if you are uncertain of how to respond please type "options”.
This phase of the consultation is application oriented.
Do you want:
pt) plate tectonics info. or
er) earth rotation 1info. or

type "uncertain".
>> pt.
Do you want information related to:

r) regional deformation

p) plate stability

w) whole plate motion
>> w.

We support two applications areas related to whole plate motion.
We can supply you with information either for the motions between
two regions on the respective plates or for the motions between entire
plates relative to each other. The latter choice will supply information
needed to implement a least square method ,using all baselines, for the
rates of change between the entire plates.

Do you want:
p) plate motions between regions
e) entire motion between plates

>> e.

Choose two plates from this list:
p) pacific n) nasca na) north american c) carribeank*x
sa) south american e) eurasian a) australian af) africanxx

*%*no data from these plates, yet.



. What is the letter of the reference or "fixed" plate?
>> p.
What is the letter of the "moving" plate?
>> na.

Do you want data acquired through the satellite laser ranging (slr)
method or through the very long baseline interferometry (vlbi) method?

Type slr or vlbi.
>> slr.
timelegvals entered at the end of the knowledge base.
->enter in the first year for your baseline measuring time
(78 to 83).
>> 178.

-> enter in the final year for the time range (78 to 83)
>> 83.

QUERY INFORMATION:

--You have two choices in accessing your desired information:
either you can use a batch or canned query, if it exists, on the
ORACLE system by typing "staboth5.ufi" or you can type the query by
using the below information to generate 8 queries.

There are several alternatives for obtaining the proper information.
The recommended sources in order of preference are:
a) the canned query generation information before the
parameter list
b) the printed version of the required query
c) the multiple screen presentation of required query information.

Which do you want?

*XXX**NOTE: TURN ON YOUR PRINTER*XXXxxx

Please type "n" for the next page!
>> n.

COLUMN F_STATION HEADING "FROM" JUSTIFY CENTER FORMAT 99999
COLUMN S_STATION HEADING "TO" JUSTIFY CENTER FORMAT 99999
COLUMN CUR_NAME FORMAT Al5 TRUNC
COLUMN PLATE FORMAT Al5 TRUNC
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR_NAME,S.PLATE,
BASELINE, CHORD,GEODESIC

FROM BASELINE78_SLRGSFC,SITES F,SITES S
WHERE F_STATION = F.STATION

AND S_STATION = S.STATION

AND F.PLATE = pacific

AND S.PLATE = north american

AND F_STATION IN

(SELECT S_STATION
FROM BASELINE83_SLRGSFC)




AND S_STATION IN
(SELECT S_STATION
FROM BASELINE83_SLRGSFC)
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR_NAME,S.PLATE,
BASELINE,CHORD,GEODESIC
FROM BASELINE83 SLRGSFC,SITES F,SITES S
WHERE F_STATION = F.STATION
AND S_STATION = S.STATION
AND F.PLATE = pacific
AND S.PLATE = north american
AND F_STATION IN
(SELECT S_STATION
FROM BASELINE78_SLRGSFC)
AND S_STATION IN
(SELECT S_STATION
FROM BASELINE78_SLRGSFC)
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR_NAME,S.PLATE,
BASELINE,CHORD,GEODESIC
FROM BASELINE78_SLRGSFC,SITES F,SITES S
WHERE F_STATION-S000 = F.STATION
AND S_STATION-9000 = S.STATION
AND F.PLATE = pacific
AND S.PLATE = north american
AND F_STATION IN
(SELECT S_STATION
FROM BASELINE83 SLRGSFC)
AND S_STATION IN
(SELECT S_STATION
FROM BASELINEB83_SLRGSFC)
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR_NAME,S.PLATE,
BASELINE,CHORD,GEODESIC
FROM BASELINE83_SLRGSFC,SITES F,SITES S
WHERE F_STATION-39000 = F.STATION
AND S_STATION-9000 = S.STATION
AND F.PLATE = pacific
AND S.PLATE = north american
AND F_STATION IN
(SELECT S_STATION
FROM BASELINE78_SLRGSFC)
AND S_STATION IN
(SELECT S_STATION
FROM BASELINE78_ SLRGSFC)
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR_NAME,S.PLATE,
BASELINE,CHORD,GEODESIC
FROM BASELINE78_SLRGSFC,SITES F,SITES S
WHERE F_STATION-9000 = F.STATION
AND S_STATION = S.STATION
AND F.PLATE = pacific
AND S.PLATE = north american
AND F_STATION IN
(SELECT S_STATION
FROM BASELINE83 SLRGSFC)
AND S_STATION IN
(SELECT S_STATION



FROM BASELINE83_SLRGSFC)
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR NAME,S.PLATE,
BASELINE,CHORD,GEODESIC
FROM BASELINE83_SLRGSFC,SITES F,SITES S
WHERE F_STATION-9000 = F.STATION
AND S_STATION g S.STATION
AND F.PLATE o pacific
AND S.PLATE = north american
AND F_STATION IN
(SELECT S_STATION
FROM BASELINE78_SLRGSFC)
AND S_STATION 1IN
(SELECT S_STATION
FROM BASELINE78_SLRGSFC)
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR_NAME,S.PLATE,
BASELINE,CHORD,GEODESIC
FROM BASELINE78_SLRGSFC,SITES F,SITES S
WHERE F_STATION = F.STATION
AND S_STATION-9000 = S.STATION
AND F.PLATE = pacific
AND S.PLATE = north american
AND F_STATION IN
(SELECT S_STATION
FROM BASELINE83 SLRGSFC)
AND S_STATION IN
(SELECT S_STATION
FROM BASELINEB3_SLRGSFC)
SELECT F.STATION,F.CURR_NAME,F.PLATE,S.STATION,S.CUR_NAME,S.PLATE,
BASELINE,CHORD,GEODESIC
FROM BASELINE78 SLRGSFC,SITES F,SITES S
WHERE F_STATION = F.STATION
AND S_STATION-39000 = S.STATION
AND F.PLATE B pacific
AND S.PLATE = north american
AND F_STATION IN
(SELECT S_STATION
FROM BASELINE83_ SLRGSFC)
AND S_STATION IN
(SELECT S_STATION
FROM BASELINE83 _SLRGSFC)
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APPENDIX B: CRUDDES LISTING OF SEGMENT 1

(NOTE: this represents 19 out of 200 rules)

/X
<m.l> crudds.sgl

CRUSTAL DYNAMICS DATABASE
EXPERT SYSTEM

FIRST PROTOTYPE
JANUARY, 1986

Segment #1 OF 8

This segment primarily deals wtih USER RESOLUTION AND PLATE TECTONICS
(NOT including Whole Plate Motion between specific regions).

x/
initialdata = {’consultation over seg 1'].
/% "Initialdata" is what the system is searching for. What this means is that

a session will be over when the system has found the value of the initialdata
to be true. In this case it is "consultation over seg 1".

x/

/=== ===Z=S=-TZZ=Z2ZSTZSESTTTTTIES INITIALIZATION ::::::::::::::::::::::::::::::*/
/¥ The following allows for easy modification of dynamic parameters in the
system (i.e. file names that change) because the entire system has been divided

into eight (8) segments.

NOTE: Since this is a generic module, any change to this requires a similar
change in all other segments.

x/

segment-number = 1.

nocache(file-number-N).

whenfound(’display shown’) = do(set segment-number = 1).

noautomaticquestion(objects-N).

file-name—-1 = *V3CRUD.SGl’.
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'V3CRUD.SG2’.

. file-name-2

file-name-3 'V3CRUD.SG3".

file-name-4 @ 'V3CRUD.SG4’.

file-name-5 *V3CRUD.SG5’.

file-name-6 'V3CRUD.SUB’.

file-name-7 'V3CRUD.SQL’.

H

cache-name-1 @ ’'initdis.che’.

cache-name—-2 = ’arvw.thm’.

JERKEKKEKKRKKKRKKKKKKKKKAXKXKINITIAL DISPLAY MODULEXXRRXXXRRKXRAKKKKRKKKXKKRKK/
/¥ This area displays the Crustal Dynamics header for this system.
x/

nocache(initial-display-N).

rule-al: if cache-name-1 = NAME and

X do(loadcache NAME) and
initial-display-1l= DESCRIP and
initial-display-2= DESCRIP2 and
initial-display-3= DESCRIP3 and
display(DESCRIP) and
display(DESCRIP2) and
display(DESCRIP3)

then ’display shown’.

/%
This rule loads the external file initdis.che into cache. But due to
the fact that the three descriptive sections in the file have been
"nocached”, the information will be displayed without expending cache.
*x/

/EXKKKKKKKKKKKKKRXXXKKXKXKKXUSER RESOLUTION MODULRXXXKKKKKKXKKKKKKKKKKKAKKKKKKKKKR/

rule-a2: 1if 'display shown’ and
not(resolution. = uncertain)
then applications-view.

explanation(rule-a2) =

[nl,’The database has two basic types of scientific information’,nl,

'which can be accessed by the user, which is either Plate techtonics’,nl,
'or earth rotation information. If the user is unsure of what he wants’, nl,
‘then an "uncertain response” will invoke the presentation of an’,nl,
*architectural view of the database which can be used to identify’,nl,
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'and determine what information might be of interest’,nl,nl]}.

rule-a3: if *display shown’ and
resolution = uncertain
then architecture-~view.

explanation(rule-a3) =
[nl,’This rule is used to control the selection of a view of the’,nl,nl,

'database that represents a logical taxonomy of architectural design’,nl,nl,
'which can be used to understand, identify and select database infomrmation’].

/¥k=z=======z=z=z===xz==== QUESTIONS: USER RESOLUTION =======zz==========zzz=3===zz:z%/

question(resolution) =

{’Do you want:',nl,

’ pt) plate tectonics info. or’,nl,
er) earth rotation info. or’,nl,
‘type "uncertain™.’].

legalvals(resolution) = {[pt, er, uncertain].

JERERERKKKRKKKKKKKKKKKRRKKKXKKAPPLICATIONS - VIEWKKKRKKRXKK KRR KKK KKKKKARKKKRKKKKK/

/%¥============z======z2=2= RULES: DETERMINE APPLICATION ====z====z=zz=z===zzz======X/
rule—a4: if applications—-view and
resolution = er and

file-name-3 = NAME and

do(load NAME) and

'consultation over seg 3’
then ’consultation over seg 1°’.

rule-a5: if applications-view and
resolution = pt
then 'tectonics option’.

/% tYYYYCOMMENT! f Y
this rule is used to select the plate tectonics application option
x/
/¥=========z=z=========== RULES: REGIONAL DEFORMATION ==========z===zz===z======2X%X/
rule-a6: if ’tectonics option’ and

select_plates_option = r
then 'regional deformation’.
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/% Yot tCOMMENT! ! P 1
NOTE: a search kb subroutine is coded to keep facts from cluttering
up the cache or main memory. It must search through
best—-site and best-station file. subroutine name = CRUDDS.SUB.
*/
rule—a7: if ’regional deformation’ and
select-reference-plate = PLATE and
select-reference-region—~from—PLATE = REGION
then chosen-region-reference-plate = REGION.
rule-a8: if chosen~region—-reference-plate = REGION and
file-name-6 = NAME and
do(load NAME) and
do(set subroutine_iteration_flag = 1) and
) *subroutine done’
then ’sub called from reg def’.
rule-a9: if 'sub called from reg def’ and

chosen-reference~station = STATION and
display([’this is a test to determine the correct’
' station number—--station = ’,STATION,nl])

then objects-1 = sorry _not_completed_yet.

-

rule-al0: if ’'regional deformation’
then fields-1 = bye_bye.

/¥======zz=zz=z=zzz=z=zz=========x RULES: PLATE STABILITY =========z=====z==========

rule-all: if 'tectonics option’ and
select_plates_option = p
then 'plate stabilization’.

rule—-al2: if ’plate stabilization’ and
select-reference-plate = REF
then select-moving—-plate = REF.

rule-al3: if ’'plate stabilization’ and
select-moving-plate = REF and
low-time = LOW and
high-time = HI and
exper—-type = TYPE
then ref-plates—known.

/¥====z=z==z=z=zzz=z===zz=z====== RULKS: INTERPLATE MOTION ==========zcz=zzz========c==

rule-ald4: if 'tectonics option’ and
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select_plates_option = w
then ’whole plate motion’.

explanation{(rule-ald4) =

[nl,’Within the plate techtonics application area there are three general’,nl,
‘areas of information: the motion of whole Earth plates relative to one’,nl,
’another (whole plate motion), the deformation of a single Earth plate’,nl,
'(regional deformation), and the vertical motion of a plate as it floates’,nl,

'on the mantle (plate stability).’,nl,nl].

rule-al5: if 'whole plate motion’ and
select plates_motion_type = e
then ’entire plate motion’.

rule-al6: if ’whole plate motion’ and
select_plates_motion_type =
file-name—2 = NAME and
do(load NAME) and
‘consultation over seg 2’
then ’consultation over seg 1°’.

p and

/*:::::::::::::::::::: RULES: SELECT PLATES PARMS :::::::::::::::::::::::::::*/
rule-al?7: if ’entire plate motion' and
select-reference-plate = REF and
select-moving-plate = MOVING and
low-time = LOW and
high-time = HI and
exper—-type = TYPE
then both-plates—known.
/*::========================:======:=::::===:=::=========::::::::::::::::::::*/
/¥========z==========z=z=z=====z RULES: POLAR MOTION ====z=z==z=z======z======z===z====z=z=%X/
/¥
THIS SECTION IS IN SEGMENT THREE
(CRUDDS.SG3)
x/
/¥=======z=z=zz==z=z=zz=z=z== RULES: FIND objects AND FIELDS =====z===z=====z==s=z=sz===z=xz%/
rule-al8: if ref-plates-known or
both-plates—-known
then objects-1 = ’'parms determined’.
rule-al9: if ref-plates—-known or

both-plates-known

then fields-1 = 'parms determined’.
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/¥============zZ==zz==3= QUESTIONS: PLATE TECTONICS S====z=z===z-==z=z===zc=z=zzz=====X%X/

question(select_plates_option) =

'Do you want information related to:
r) regional deformation
p) plate stability
w) whole plate motion’.

legalvals(select_plates_option) = [r, p, w, unknown].
question(select_plates_motion_type) = [
’ We support two applications areas related to whole plate motion.’,nl,

'We can supply you with information either for the motions between’,nl,

‘two regions on the respective plates or for the motions between entire’,nl,
'plates relative to each other. The latter choice will supply information’,nl,
'needed to implement a least square method ,using all baselines, for the’,nl,
'rates of change between the entire plates.’,nl,nl,

'Do you want:’,nl,

i p) plate motions between regions’,nl,

* e) entire motion between plates’,nl]).
legalvals(select_plates_motion_type) = [p, e, uncertain}.

question(select-reference-plate) =
[*Choose two plates from this list:’',nl,

* p) pacific n) nasca na) north american c¢) carribean¥x’,nl,
sa) south american e) eurasian a) australian af) african*x’ nl,nl,

’
'x*no data from these plates, yet.’,nl,nl,
'What is the letter of the reference or "fixed" plate?’].

legalvals(select-reference-plate) = [(p,sa,n,na,e,a,c,af].

question(select-moving-plate) =
'What is the letter of the "moving" plate? °

legalvals(select-moving-plate) = [p,sa,n,na,e,al.
question(low-time) = ’->enter in the first year for your baseline measuring time
(78 to 83).°’.

legalvals(low-time) = integer(78,83).

question(high-time)

'-> enter in the final year for the time range (78 to
83)°'. '

legalvals(high-time) = integer(78,83).
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These parameters are used in the query format for whole plate
motion and plate stability (specifically in the plate fields
x/

noautomaticquestion(plate(P)).

plate(p) = ’'pacific’.

plate(sa) = ’south american’.

plate(n) = ’'nasca’.

plate(na) = ’north american’'.

plate(e) = ’eurasian’.

plate(a) = ’australian’.

plate(c) = ’'carribean’.

plate(af) = 'african’.

/%¥================ QUESTIONS: DETERMINE REGION ===z=z=z=z=z=zzz=z=z=z==zzzz=z=z====z==
/% PIYICOMMENT 10 1t

y NOTE: These regions were taken from table = sites in field = region.

question(select-OBJECT-region—from-na) =

{'Which region do you want from the north american ’,0BJECT,’ plate:
* ca) california’,nl,

al) alaska’,nl,

na) north america’,nl,

pa) pacific’,nl,

at) atlantic’,nl].

',nl,

24
’
’
’

question(select-OBJECT-region-from-sa) =

[*Which region do you want from the south american ’,0BJECT,’ plate:’,nl,
4 sa) south america’,nl,

pa) pacific’,nl,

' at) atlantic’',nl].

question(select-OBJECT-region-from-p) =

{’Which region do you want from the pacific ’',0BJECT,’ plate:’,nl,
! pa) pacific’,nl,

ca) california’,nl,

na) north america’,nl].



/% NOTE: nasca plate has one regionk/
select-OBJECT-region-from-n = pa.

question(select-OBJECT-region-from-e) =

[’Which region do you want from the eurasian ’',0BJECT,’ plate:’,nl,
’ eu) europe’,nl,

’ pa) pacific’,nl,

’ me) mediterranean’,nl,

’ as) asia’,nl].

question(select-OBJECT-region-from-a) o .
['Which region do you want from the australian-indian ’,0BJECT,’ plate:’,nl,
’ a) australia’,nl,

’ as) asia’,nl].

legalvals(sqlect—OBJECT—region—fron—na)

([ca, al, na, pa, at].

legalvals(select-OBJECT-region-from-sa)

(sa, pa, at}].

legalvals(select-OBJECT-region—-from-p)

[pa, ca, na].
legalvals(select-OBJECT-region-from-e) = {eu, pa, me, as].

legalvals(select-OBJECT-region-from-a) [a, as].

/%====s====z=====s== WHENFOUND CLAUSES: APPLICATIONS VIEW ========z====s==z=z==3=:2%/
whenfound(exper—-type = slr) = do(set process—-location = gsfc).
whenfound(exper—-type = slr) o do(set proc-loc-needed © no).

/% 'YV ICOMMENT! ! Y 1t

The next meta proposition allows for experiment analysis location
to be defaulted to gsfc when user doesn’'t care about process location.

x/

whenfound(station_type needed = no) = do(set station_type = fixed).

VAT IR 222 22 2 2222222222222 2202322223223 03223223332223233 2732323332232 3232¢29)
/X===========s==z======z== QUESTIONS: PARAMETERS =zzzzzz===z=z==z=z===z===s=zczzz=zz%/

question(satellite) =
'From which satellite do you want the data (lageos,bec, or starlette)?’.

legalvals(satellite) = [lageos,bec,starlette,unknown].
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question(exper-type) =

{nl,’ Do you want data acquired through the satellite laser ranging (slr)’,nl,
'method or through the very long baseline interferometry (vlbi) method?’,nl,nl,
*Type slr or vlbi.’].

legalvals(exper—-type) = (slr, vlbi, uncertain].

question(time) =
'From which year do you want the data (77-81)7°'.

timelegvals: legalvals(time) = integer(76, 85).

question(station_type_needed) =
'Does it matter if you choose fixed or mobile stations? (yes or no)’.

legalvals(station_type_needed) = [yes, no].

question(station_type) =
'Then, which do you want (fixed or mobile)?’.

legalvals(station_type) = [fixed, mobile].
/X============== WHENFOUND CLAUSES: RANGE PARAMETERS ON TIME ======z==z=z====z%X/
This sections handles the variability in the time ranges for the satell-

ites catalogues. This is a generic module used in all the segments.
x/

H

whenfound(satellite lageos) = do(add

timelegvals: legalvals(time)=integer(76,85)).

bec) = do(add
timeleglvals: legalvals(time)=integer(76,81)).

whenfound(satellite
whenfound(satellite = starlette) = do(add
_timeleglvals: legalvals(time)=integer(76,81)).

whenfound(exper-type = slr) o do(add
timelegvals: legalvals(time) = integer(78,83)).

/*:::::::::::::::::::::::: MISCELLANEOS ::::::::::::::::::::::::::::::::::::*/

These nocache meta-facts allow the system to switch between segments
several times. This must be present in every segment.

x/
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nocache(’consultation over seg 1°’).
nocache(’consultation over seg 2').
nocache(’consultation over seg 3’).
nocache(’consultation over seg 4').
nocache(’consultation over seg 5°’).
/¥==========z======== RULES: CONSULTATION OVER SEG 1 ==z==z===z=z=z=z==zzzzzzz===zz=%/

rule-a20: if segment-number = N and
objects—N is known and
fields-N is known and
file—name-7 = NAME and
do(load NAME) and
'subroutine done’
then ’'consultation over seg 1°.

explanation(rule-a20) =
[nl,’You dummy. You ought to know better than to ask why.’,nl,nl].

/¥================= QUESTIONS: DISPLAY QUERY INFO ====sz=F====Z==zx=3=s===z==z=z%/
question(next_page) = [nl,’Please type "n" for the next page!'’].

nocache(next_page).

/XRXXREXKRXKXKXKKAKXXKXSEGMENT SWITCHING CONTROL MODULEXXXkkkkKkKKKKKKXKKRRKKKKXXXEX/

/% 'Y ICOMMENT ! 1t 1t

NOTE: architecture-view is a logical break rather than a physical one as
in ’'consultation over seg 2°'.

NOTE: the segment switches to a specific segment for a logical reason.
x/

rule-a2l: if architecture-view and
display([nl,’wait a second while I load in some more’,
’ knowledge...’,nl]) and

do(set applications-view = unknown) and
file-name-4 = NAME and
do(load NAME) and
‘consultation over seg 4’

then ’consultation over seg 1°’.
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rule-a22: if objects-1 is sought and
fields-1 is sought and
display([(nl,’wait a second while I load in some more’,
' knowledge...',nl]) and
do(set applications-view = unknown) and
file-name-4 = NAME and
do(load NAME) and
'consultation over seg 4’
then ’consultation over seg 1°'.

RS2SR 22222222 s s R Pttt it st P332 2032333333333 2333 7

question(user_satisfied) = [nl,

"NOTE: remember to type "log off" if you logged printer earlier!!’,nl,nl,
'Are you satisfied with the results?’].

legalvals(user satisfied) = [yes, no].

The following are some of the M.l functions used in this system:

nocache (EXPRESSION)

Values of nocache expressions will not be stored permanently in the cache.
When such expressions are evaluated, the results are temporarily cached and the
proposition that depends on the results is tested. Then, before proceeding, M.l
removes the facts from the cache. If the value of a nocache expression is needed
later in a consultation or session, M.l seeks it again.

whenfound (EXPRESSION) & LIST or
whenfound (EXPRESSION = VALUE) = LIST
A whenfound knowledge base entry allows you to modify the M.l inference

process by designating what M.l should do whenever a value for the EXPRESSION is
found.

noautomaticquestion( EXPRESSION)
This prevents an automatic question from being generated for the expression
even if there are no other knowledge base entries for the expression. If the

expression is a variable, themn it turns off the automatic question facility for
all expressions.

explanation(LABEL) = TEXT

Explanation displays the string TEXT in response to "why" queries regarding
a knowledge base entry whose label matches LABEL. The text must be either an
atom or a list whose elements are atoms and formatting commands("nl" and "tab").
This meta-fact enables knowledge engineers to substitute customized explanations
or to offer acceptable explanations about a path of reasoning that contains
proprietary information. LABEL can be any expression and may contain variables.




Ordinarily, rules, presuppositions, whenfounds, and initialdata are the entries
used with the "explanation” meta-fact.

question(EXPRESSION) = TEXT

The given text is used to ask the end—-user for the value of the expression.
The text must be either a string or else a list of strings, variables, and
special formatting commands. The answer provided will be checked against the
"legalvals" for the expression, if any have been provided by the engineer.

legalvals (EXPRESSION) = integer

M.l will only allow the end-user to answer with integers for the value of
this expression.

legalvals(EXPRESSION) = integer(LOW, HIGH)

An integer between LOW and HIGH inclusive is a suitable response as a value
for this expression.

legalvals (EXPRESSION) = LIST

The elements of the list are acceptable values for the expression. M.1 will
attempt "auto completion” (meaning that the answer must be one of a set of fixed
responses and only sufficient letters to unambiguously distinguish the response

need be typed or M.l will repeat the question) on responses to identify an
element from this list.

legalvals (EXPRESSION) = number
Any number is an acceptable value for EXPRESSION.

legalvals (EXPRESSION) = number(LOW, HIGH)

The real or integer numbers given as responses must lie within the range
LOW to HIGH, inclusive.

legalvals (EXPRESSION) = real

Any real (floating point) number is a suitable response. A real number must
include a decimal point with at least one digit on either side, unless an
exponent is used. Either fixed or floating point notation is acceptable.

legalvals (EXPRESSION) = real (LOW, HIGH)

The real number given as a response must lie within the range of real
numbers, LOW to HIGH, inclusive.

*
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